calculated for a cesium plasma on the basis of a similar model 20 . The transition curves show a course that is comparable with the one given in Figures 2 and 3.
Introduction
In the course of work on screw pinches at Jutphaas it has been shown 1-5 that for a toroidal screw pinch with a longitudinal current of the order of the Kruskal-Shafranov limit to be stable against kink modes the ß of the plasma must be kept low, say, ß < 0.25 (ß = kinetic plasma pressure/confining magnetic field pressure). In such a screw pinch the ratio of the axial and azimuthal magnetic field is of the order of R/rx , in which R is the major and rt is the minor radius of the toroidal discharge tube [1] [2] [3] [4] . As in practice R/rt 1, the plasma compression is mainly determined by the axial field, so that the heating mechanism is similar to that in a common theta pinch.
The theta pinch is well known for its capability to produce a hot and dense plasma with a high ß.
However, if the ß is lowered by trapping a magnetic bias field parallel to the main confining field, the heating becomes less effective because of the reduction of the compression ratio [6] [7] [8] . The production of a low-/? pinch -such as the above-mentioned screw pinch -therefore requires a large capacitor bank. This paper gives the formulae necessary to calculate the parameters of this bank. A reduction of costs is possible if, in addition to the main capacitor bank, a small fast bank is used. This method, described earlier by DE VRIES 3 , has the advantage of a high initial field rise and therefore of an increased heating during the fast implosion.
Formulae for the Heating of a Theta Pinch
In a theta pinch device the plasma is produced and heated by the shock and adiabatic compression due to a fast rising magnetic field induced by discharging a low-inductance capacitor bank through a coil around the discharge tube. were present in the tube. The numerical factor a depends on the model used in the calculations, e.g., a = l (free-particle model), a« 1/3 (snow-plow model) 9 ; taking a = 0.6 we obtain a good agreement with measurements of the ion energy in fast theta pinches in deuterium 10 ' n . Finally, the factor b indicates how the energy transferred from the electrical circuit to the plasma depends on the plasma radius, rs, at the end of the shock and on the circuit parameter X (cf. Fig. 1 ). Here A is the ratio, L-jLe, of the internal inductance (within the discharge tube) and the external inductance (of capacitor bank, collector, cables, and the space between the inner tube wall and the coil).
After the fast implosion the plasma is further heated by the reversible adiabatic compression due to the still rising magnetic field. A simple model for the adiabatic compression of a homogeneous plasma without energy and particle losses yields that the plasma temperature scales with the magnetic field as 7 1 « £4/(6-/?) (ratio of specific heats y = 5/3) 12 ;
for ß Ä; 1 this reduces to T oc B'l*. This dependence has been confirmed, e.g., by soft X-ray measurements of the electron temperature 13 . In the case ß ^ 1, in which we are mainly interested, we have where Bs is the magnetic field after the shock. The symbol ~ refers to the end of the adiabatic phase,
i.e., to the moment, t, where B has its maximum value, B. Thus ß is the value of ß at the moment t. 
where ts is the characteristic implosion time, and c is a numerical reduction factor (cf. Fig. 2) 9 . In the derivation of Eqs. (1) and (3) 
where the maximum plasma temperature kT is expressed in eV, the inner tube radius r1 in cm, the Comparing the compression temperatures predicted by Eq. (5) 2 , where g is the maximum ratio of the mean ion and electron energies during the fast shock; e.g., for £=10, rx = 6 cm if p <8 mTorr.
Plasma Temperature in Dependence of ß and Circuit Parameters
Equation (5) 
V Li / \p rj R) '
* Equation (7) holds if the two banks are switched parallel as is the case in Ref. 3 . If the banks are joined in series the gain in temperature will be even higher because then V2 should be replaced by Vt + V2 in Eq. (7).
where the temperature, k T, is expressed in eV. The factor d(ß,lx) can be taken from Fig. 3 . Further.
Et is the energy of the main bank (1) in kj; .
V2 are the loading voltages (in kV) of banks (1) and (2), respectively (note that B» V, Bo< £" : ) ;
p is the filling pressure in mTorr; M\ is the ion mass in terms of the mass of a hydrogen atom; rx is the inner minor radius (in cm) and R is the major radius (in cm) of the toroidal discharge tube.
Finally, is the internal inductance (in nH), i.e., the coil inductance inside the tube (in MKS units L; =/<0 rx 2 n 2 /2 R, where n is the number of turns).
Numerical Results and Discussion
From Eqs. (6) and (7) As an example, we take = 2, A2=1.5, p = 10 mTorr, and Mx = 2 (deuterium); the properties of the chosen capacitor banks are given in Table 1 .
We consider two tori, one of standard dimensions and with a two turns-coil (n = 2) and a "fat" torus with a single-turn coil (n = l). The calculated temperatures (in eV) are given in Table 1 The gain in temperature caused by the addition of the fast bank to the main bank is a factor of 2.25 (ß = 0.2) or 1.92 (/= 0.9). If for the /'s the optimum values are chosen it follows from Eqs. (6) and (7) that the gain in temperature is about (VJVJ* In conclusion, we have shown how the compression temperature of a theta pinch scales with the ß of the plasma and with the circuit parameters, and we have discussed a method to increase the implosion heating by the use of two capacitor banks rather than one.
The author thanks Professor C. M. BRAAMS for his interest, Dr. P. C. T. VAN A hydrodynamic model for the heating of a plasma generated by the interaction of an intense giant laser pulse with a plane, solid target is developed. It is shown that in the case of nanosecond light pulses and a finite focal spot diameter, the plasma production may be considered as a steady state problem. Expressions for the electron temperature, the expansion energy of the ions, and the total particle number in the plasma as a function of the incoming light intensity are derived. An estimate of the ion temperature is discussed.
It has been shown in a number of publications 1 that during the interaction of intense laser light with solid materials a very dense and energetic plasma is formed. Representative values for the particle density and the electron temperature are 10 21 cm -3 and several 100 eV 2 respectively. The kinetic energy of the ions measured at great distances from the target are in the range of several keV, depending on the target material 3 .
In this paper we present a model for the heating of a laser produced plasma which is capable of explaining the difference between temperature and expansion energy noticed in previous experiments. We will restrict our considerations to the case of plane, solid targets. In the case of spherical targets we refer to papers by DAWSON 4 and FADER 5 . 
I. Ionization and Absorption
The transition of a solid material to a plasma under the influence of a strong radiation field is fairly well understood. In general, it is assumed that, first, some free electrons are created within the solid due to multiphoton transitions 6 ' These electrons are then multiplied by a cascade ionization process 8 . At light intensities of 10 12 W/cm 2 a (nearly) complete ionization of the irradiated solid in a time < 10~1 0 sec is achieved 1 .
Therefore, for pulse durations > IO -9 sec we may neglect the time necessary for sublimation and ionization in the following problem.
The heating of the plasma is due to energy absorption of the electrons from the radiation field
